To examine the relation between fitness and fibrinogen, white blood cell count, uric acid and metabolic syndrome across levels of adiposity in apparently healthy, nonsmoking men. DESIGN: Cross-sectional study of 4057 men from the Aerobics Center Longitudinal Study examining the age-adjusted resting levels and risk of having a clinically significant elevation of fibrinogen, white blood cell count, uric acid and metabolic syndrome score across nine fitness -body fatness combinations. Fitness categories (low fitness, moderately fit or high fitness) were based on a maximal treadmill test. Body mass index (BMI) < 25.0 was classified as normal weight, BMI ! 25.0 but < 30.0 as overweight and BMI ! 30.0 as obese. RESULTS: Fitness (inversely) and BMI (directly) were independently related to the age-adjusted values of all four variables (P for trend P < 0.0001 for each). For all four variables, the greatest age-adjusted risk of having a clinically relevant value was found in the low fitness -obese category and the lowest age-adjusted risk was found in the high fitness -normal weight group. CONCLUSIONS: Fibrinogen, white blood cells, uric acid and metabolic syndrome score are independently related to both fitness (inversely) and fatness (directly). Within levels of fatness, risk for significant elevations in fibrinogen, white blood cells, uric acid and metabolic syndrome score is lower for the higher fitness groups.
Introduction
Elevations in fibrinogen, white blood cell count (WBC), uric acid and abnormalities in the variables that constitute the metabolic syndrome have been identified as risk factors for cardiovascular disease (CVD) and all-cause morbidity and mortality. 1 -9 Previous reports show that moderate to high levels of cardiorespiratory fitness are protective against CVD and all-cause mortality, even in individuals with CVD risk factors. 10 -13 Our studies show that obese but fit individuals are at lower risk for CVD and all-cause mortality than normal weight, low fit individuals. 14, 15 The physiological mechanisms whereby higher levels of fitness confer such benefits are not fully understood and the interactions of fitness -fatness on both traditional and nontraditional CVD risk factors have not been completely explored.
The purpose of this project was to examine the relation between fitness and nontraditional risk factors such as fibrinogen, WBC count and uric acid, and metabolic syndrome across levels of adiposity in apparently healthy, nonsmoking men. Having a better understanding of the importance of fitness and body composition in the determination of these clinical measures may provide insight into the value of regular exercise and weight loss as effective means to prevent and treat abnormalities in these measures.
Methods

Patient data
The Aerobics Center Longitudinal Study (ACLS) is an epidemiological study of patients who receive a preventive medical examination at the Cooper Clinic in Dallas, Texas.
Participants for the analyses reported here are 4057 men examined during the interval 1988 -1998. The participants are predominantly non-Hispanic whites, residents of the US and well educated. The characteristics of the study participants are presented in Table 1 . We excluded individuals with a previous history of a stroke, heart attack or cancer. Additionally, we excluded individuals who did not have a fibrinogen measure in their clinical records. Due to the strong effects of smoking on fibrinogen and WBC concentrations and difficulty in quantifying duration, amount and intensity of inhalation, we elected to examine only nonsmoking individuals. All participants gave their informed consent to participate in the clinical examination and follow-up and the use of their exam data for research purposes. The study protocol was approved annually by The Cooper Institute Institutional Review Board.
Clinical examination
The clinical examinations were administered in the mornings after an overnight fast. The participants were also instructed to refrain from exercise during the day of the examination. Trained laboratory technicians supervised by clinic physicians administered the examinations, following protocol procedures specified in a manual of operations.
The examination consisted of: a physical examination by one of the clinic physicians; obtaining blood by venipuncture of an antecubital vein for blood chemistry analyses; measurement of blood pressure; anthropometry; completion of an extensive questionnaire on demographic characteristics, health history, family medical history, and a health habit inventory; and a maximal exercise test on a treadmill. Height and weight were measured on a standard physician's balance beam scale and stadiometer. Body mass index (BMI), used as an index for body fatness, was calculated as weight in kilograms, divided by height in meters squared. Blood pressures were obtained with mercury manometers following the American Heart Association protocol. 16 Percentage body fat was assessed by summing seven skinfold measurements and using a generalized body density equation. 17 Blood chemistry analyses were performed in the Cooper Clinic laboratory, which participates in and meets quality control standards of the US Centers for Disease Control and Prevention Lipid Standardization Program. Fibrinogen was assessed by the method of Clauss with reagents from Dade Division, Baxter Healthcare Corporation (Delaware, USA). The assay was calibrated with standard normal plasma (SNP reagent, Dade), and results were calculated with the MLAElectra 800 clot timer. WBC counts were determined using a Pentra 60 (ABX Diagnostics, France). Serum uric acid was measured by the URCA method using a Dimension clinical chemistry system (Dade, Delaware, USA).
Cardiorespiratory fitness was assessed by a maximal treadmill test following a modified Balke protocol. 18 Patients began walking at 88 m=min (3.3 mph) with no elevation. After the first minute, the incline was increased to 2% and was increased 1% each minute thereafter until the 25th minute. For the few participants still able to continue the test beyond 25 min, the elevation was maintained at 25%, and the speed was increased by 5.4 m=min (0.2 mph) each minute to the end of the test. The test was terminated when the participants were exhausted or if the physician stopped the test for medical reasons. Individuals who failed to attain 85% of their age-predicted maximal exercise heart rate (0.85Â(220 minus age in y)), had an abnormal resting electrocardiogram or abnormal exercise electrocardiogram were excluded from the analyses. Individuals who failed to attain the maximal heart rate criterion, perhaps due to the presence of subclinical disease, would have had an underestimate of cardiorespiratory fitness. This misclassification might bias study findings by including a disproportionate number of men with baseline disease in the low fit category. Time on the treadmill test with this protocol is highly correlated (r ¼ 0.92) with measured maximal oxygen uptake. 19 Thus, cardiorespiratory fitness in this study is analogous to maximal aerobic power.
Individuals were assigned to age-group-specific fitness categories (low fitness, moderately fit or high fitness) based on their total time on the treadmill test. The categories are derived from a larger data set of the ACLS database, and the age-and gender-specific time cut-off points are described elsewhere. 20 In brief, the low fitness category represents the least fit 20%, the next 40% of the fitness distribution are categorized as moderately fit and the most fit 40% as high fitness. A previous report from this same cohort reported a strong correlation between level of fitness and average ageadjusted weekly leisure time energy expenditure. In men, the low, moderate and high fitness groups expended 3.5, 7.1 and 22.0 kcal=kg=week, respectively. 21 There is a general 23 Individuals with a BMI < 25.0 kg=m 2 were classified as normal weight, individuals with a BMI ! 25.0 kg=m 2 but < 30.0 kg=m 2 were classified as overweight and individuals with a BMI ! 30.0 kg=m 2 were classified as obese. The correlation between body fat assessed by skin fold measurement and BMI within this study population is 0.74 (n ¼ 3991, P < 0.0001).
Statistics
Descriptive statistics were computed for all variables. The mean and standard deviation of each variable for each fitness category was calculated. The trend across fitness categories was tested for each variable using regression analysis. Due to the strong association of each variable with age, the ageadjusted mean fibrinogen, WBC, uric acid and metabolic syndrome score were calculated for the nine fitness -fatness combinations (low fitness -normal weight, low fitness -overweight, high fitness -overweight). The trend across fitness and BMI categories for each variable was tested using ageadjusted regression models. Adjusted means were with 95% confidence intervals (95% CI).
Due to the lack of universal clinical cut-off points for diagnosing metabolic syndrome, values in the highest quartile (lowest for HDL) were considered abnormal. Metabolic syndrome score was calculated for each individual by summing the number of variables with a value in the highest quartile (lowest for HDL) for fasting glucose ( > 5.83 mmol=l), systolic blood pressure ( > 130 mmHg), triglycerides ( > 1.98 mmol=l) and HDL (0.93 mmol=l). Due to the strong correlation with BMI and waist girth among the participants (r ¼ 0.88, P < 0.0001), we excluded waist girth from the metabolic score to avoid biasing the results against the higher BMI groups.
The highest quartile of fibrinogen, WBC and uric acid concentrations was used to dichotomize each variable into values ! 25th percentile and < 25th percentile. The highest quartiles were defined as clinically significant. For metabolic syndrome score, a clinically significant score was defined as ! 2. The age-adjusted odds ratio for having a clinically significant value for each variable was calculated for each of the nine fitness -fatness combinations using logistic regression with the moderately fit -normal weight group as the referent category. The moderately fit -normal weight group was used as the referent group because moderate fitness represents a more obtainable and realistic goal for low fitness individuals than high fitness. Using the risk of having a clinically significant variable as the dependent variable and age (continuous), fitness group (categorical) and fatness group (categorical) as the independent variables, we modeled the change in risk of having a clinically relevant value when moving up or down one category in either fitness or fatness while adjusting for the other.
To examine the effect of body composition and fat distribution assessed by means other than BMI, the above analysis was repeated with body fatness quantified by percentage body fat and fat distribution by waist girth. Participants were assigned to one of three percentage body fat categories based on the cut-offs < 18.2%, 18.2 -25.2% and > 25.2% which correspond to the < 25th, 25 -< 75th and ! 75th percentile scores. For waist girth, participants were categorized as < 102 or ! 102 cm, the waist girth criteria for 'high risk' as defined in the Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults. 23 For all statistical tests, the alpha level adopted for significance was P < 0.05. Statistical analysis was performed on SAS version 8.0. Table 2 , all variables showed a significant trend across fitness categories. In general, variables improved with higher levels of fitness. Table 3 presents age-adjusted mean fibrinogen, WBC, uric acid and metabolic syndrome scores grouped by fitness -fatness combinations. The lowest ageadjusted mean fibrinogen, WBC, uric acid and metabolic syndrome scores were found within the high fitness -normal weight group, and the highest values were found in the low Fitness, fibrinogen, WBC, uric acid and metabolic syndrome TS Church et al fitness -obese group. For all variables, values were lower in higher fitness groups within all strata of fatness (BMI) and, similarly, values were lower for lower levels of fatness within each fitness category. Due to the previously reported strong correlation between WBC and fibrinogen, the above calculations were repeated with WBC and fibrinogen adjusted for each other. 24 There was no significant change in the findings for either WBC or fibrinogen. The correlation between WBC and fibrinogen was 0.21 (n ¼ 4052, P < 0.0001) for this study population. Table 4 presents odds ratios for having a clinically relevant elevation in age-adjusted fibrinogen ( > 2.97 g=l), WBC ( > 6700 cells=mm 3 ), uric acid ( > 410.4 mmol=l) and metabolic syndrome score ( > 1), respectively. For all four variables, the greatest age-adjusted risk of having a clinically relevant value was found in the low fitness -obese category and the lowest age-adjusted risk was found in the high fitness -normal weight group. For all four variables, the trend across ageadjusted odds ratios for both fitness and BMI was significant (P < 0.0001) when adjusted for each other. Figure 1 depicts the percentage of individuals in each fitness -fatness category with a clinically relevant elevation in age-adjusted fibrinogen ( > 2.97 g=l), WBC ( > 6600 cells=mm 3 ), uric acid ( > 410.4 mmol=l) and metabolic syndrome score ( > 1). The percentage of individuals with clinically relevant elevations decreases with higher levels of fitness and decreases with lower levels of BMI for all four variables.
Results
As shown in
Based on a logistic regression model containing age, fitness group and fatness group, the next highest fit group represented a 45, 37 and 32% lower risk of having a clinically relevant value of fibrinogen, WBC and uric acid, respectively. The next lower BMI group represented a 26, 32 and 54% lower risk of having a clinically relevant elevation of fibrinogen, WBC and uric acid, respectively. For metabolic syndrome score, the next highest fitness group or the next lower BMI group represented a 50% lower risk.
We also assessed the relative importance of fitness and fatness on fibrinogen, WBC, uric acid and metabolic score using percentage body fat and waist girth, and these analyses produced similar results to those reported for BMI. For the analyses performed using percentage body fat categories for fibrinogen, WBC, uric acid and metabolic score, the highest age-adjusted mean values as well as the highest risk of elevated value was found in the low fitness -obese group, and the lowest values and risk in the high fitness -normal weight group (data not presented). Additionally, the P for trend across age-adjusted mean values and odds ratios for both fitness and percentage body fat was significant (P < 0.0001) when adjusted for each other (data not presented). Data for body fat distribution assessed by waist girth are presented in Table 5 . For all four variables the highest age-adjusted mean values and risk of elevation were found in the low fitness -elevated waist girth ( ! 102 cm) group, and lowest values and risk were found in the high fitness -normal waist girth ( < 102 cm) group. The P for trend across age-adjusted mean values and odds ratios for both fitness and waist girth was significant (P < 0.0001) when adjusted for each other. For all four variables, the trend across average age-adjusted group values for both fitness and BMI (adjusted for each other) was significant (P < 0.0001).
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Discussion
The primary finding of this study is that in a large nonsmoking, apparently healthy male population, both fitness (inversely) and fatness (directly) were related to plasma fibrinogen, WBC, uric acid and metabolic syndrome score. Within strata of body composition assessed by BMI, percentage body fat or waist girth, higher levels of fitness were associated with lower levels of fibrinogen, WBC, uric acid and metabolic syndrome scores. Additionally, highly fit obese individuals have comparable levels of fibrinogen, WBC and metabolic syndrome scores to that of low fitness -normal weight individuals. For fibrinogen concentration and metabolic syndrome score, highly fit obese individuals were at no additional risk of having a significant elevation in these variables than low fitness -normal weight individuals. These observations provide a possible mechanism for our previous findings that fit obese men are at lower risk for CVD and all-cause mortality than normal weight -low fitness men. 14, 15 Previous studies have reported an inverse association between both fitness and physical activity with fibrinogen after statistical adjustment for potential confounders. 25 -33 Our study reports data from the largest population examining the fitness -fibrinogen relationship and the only study to do so within categories of body composition. Our findings of lower fibrinogen levels associated with higher levels of fitness concur with previous intervention studies which have found increases in fitness to result in decreases in fibrinogen. 34 , 35 Stratton et al found that 6 months of intensive endurance exercise training resulted in a 22% increase in maximal oxygen consumption (29.0 AE 4.2 to 35.5 AE 3.6 ml=kg=min, P < 0.001) and a 13% reduction in fibrinogen levels (3.57 AE 0.79 to 3.11 AE 0.52 g=l, P < 0.01) in older males (60 -82 y). 34 There is virtually no research in the literature examining WBC and fitness, and there is limited research examining the relationship between either physical activity (or surrogate measures) and WBC count. Geffken et al found WBC to be inversely related to physical activity in a large sample (n ¼ 5201) composed of men and women from diverse racial backgrounds. 28 Nieto et al reported sport activity index to be inversely related to WBC in whites but not in blacks, and found work activity index to be inversely related to fibrinogen in both groups. 36 Smoking and body fat are commonly identified as important determinants of WBC. 2, 36 Our findings suggest that in nonsmoking men, when examining the body fatness -WBC relationship, one must account for physical fitness.
Similarly to WBC, there have been only limited reports examining the association between uric acid and fitness or physical activity. With respect to physical activity, previous studies have produced conflicting results. Some groups have reported uric acid concentrations to be inversely related to physical activity, while others have reported no association. 37 -40 To our knowledge, we are the first to examine the relation between fitness and uric acid. Although we found uric acid levels to be inversely related to fitness, it appears that BMI has a slightly stronger influence on uric acid levels. Metabolic syndrome has been described using many different names, inclusion criteria and variable cut-off points. Regardless of the specifics, it is clear that combinations of disturbances in glucose metabolism, dyslipidemia and blood For all four variables, the trend across age-adjusted odds ratios for both fitness and BMI (adjusted for each other) was significant (P < 0.0001). *(P < 0.05).
Fitness, fibrinogen, WBC, uric acid and metabolic syndrome TS Church et al pressure carry considerable clinical risk. Numerous studies have described obesity as both a significant risk factor for and component of metabolic syndrome. 41, 42 Although the literature is not as abundant, low fitness has also been identified as a risk factor for metabolic syndrome. 43, 44 In general, studies which focus on body composition do not address regular physical activity or fitness; in previous reports examining fitness, body composition was either ignored or adjusted for statistically. 43, 44 To our knowledge, we are the first to examine the prevalence of metabolic syndrome across categories of fitness and fatness. Our findings suggest that elevated BMI (and percentage body fat) and low fitness carry approximately the same risk for the presence of metabolic syndrome.
Abnormalities in fibrinogen, WBC, uric acid and metabolic syndrome components have all been identified as Fitness, fibrinogen, WBC, uric acid and metabolic syndrome TS Church et al significant risk factors for premature morbidity and mortality. However, effective pharmacological means to improve some of these risk factors are either lacking, or are only moderately effective. Often, treating abnormalities in one or more of these clinical measures may require polypharmacy, which carries the risk of medication side effects, decreased patient compliance and reduced quality of life. A single, effective means to improve most or all of these clinical measures would be optimal. Both lower BMI and higher fitness are associated with improvements in all four of these measures, and simultaneously increasing fitness and reducing weight is preferential. However, maintaining significant weight loss long-term is very difficult, particularly without regular exercise. 23 It needs to be reinforced to patients that regular exercise even without large reductions in weight is associated with significant health benefits.
The pathways whereby regular exercise and reduced adiposity improve these variables are subject to speculation and could be the result of a variety of mechanisms. A potential common pathway may be the interleukins (IL). While multiple interleukins are likely to be involved, there is already strong evidence for the involvement of tumor necrosis factor-a (TNF-a) and IL-6. Both IL-6 and TNF-a are released in significant amounts from adipose tissue, particularly visceral adipose tissue. 45, 46 Their release from adipose tissue is augmented by increased sympathetic stimulation which is down-regulated by regular physical activity. 47 TNF-a is a potent stimulator of IL-6 production and IL-6 is a potent stimulator of fibrinogen, WBC and C-reactive protein production (CRP). 48 Elevations in TNF and IL-6 are associated with insulin resistance and dyslipidemia. 46, 48 There has been limited work examining the long-term effect of regular exercise on interleukin concentrations. In cross-sectional analyses, Volpatoe et al found IL-6 levels to be inversely related to exercise tolerance in disabled older women, while Taaffe et al reported an inverse relationship between accumulated moderate and strenuous activity with IL-6 in 880 adults aged 70 -79 y. 49, 50 Smith et al found that a 6 month exercise program reduced TNF-a (n ¼ 43, average age ¼ 49.0 y). 51 Tsukui et al reported exercise training in 29 obese women (average age ¼ 56 y) reduced TNF-a with only modest weight loss. 52 Mattusch et al found that 9 months of marathon training reduced CRP. 53 Thus the effect of regular exercise on TNF-a and IL-6 levels may be responsible for reduced fibrinogen, WBC and incidence of metabolic syndrome associated with increased fitness. However, the effect of regular exercise on interleukin concentrations needs considerably more study. For all four variables, the trend for fitness and waist girth (adjusted for each other) was significant (P < 0.0001) for both the age-adjusted mean values and odds ratio of clinically significant elevation. Clinically significant elevations were defined as: fibrinogen > 2.97 g=l, white blood cells > 6600 cells=mm 3 , uric acid > 410.4 mmol=l or metabolic syndrome score > 1. *(P < 0.05). Fitness, fibrinogen, WBC, uric acid and metabolic syndrome TS Church et al
Limitations of study Diet may influence many or all of the study variables, and both regular exercisers and leaner individuals may have healthier diets than nonexercisers or overweight individuals. 54 However, insufficient diet data prevented analysis of the influence of diet. Lack of pharmacological data prevented examining the interaction of medications; however, the low fitness and overweight groups would be more likely to be taking medications than the fit and normal weight groups, which would bias the results towards the null.
The data set used in this analysis has a greater percentage of moderate (35.4%) and high fitness (51.3%) individuals and a lower percentage of low fitness (13.3%) individuals than anticipated. If the study population were a random sample of the larger ACLS database, which dates back to 1970, one would expect the low fit group to comprise 20% of the sample and the moderate and high fit groups 40% each. This may be the result of excluding smokers and individuals with a history of CVD, which eliminated a large number of individuals who would have fallen into the low fitness category. Despite the low percentage, there were over 500 individuals in the low fitness group, which provides a more than adequate sample size for comparison with the moderate and high fitness groups. The predominantly white, middleto-upper class study population limits the generalizability of the results of our study, but should not affect the internal validity. In fact, the homogeneity of our study group on socioeconomic factors is a benefit, because it reduces the likelihood of confounding by these factors.
Conclusions
Fibrinogen, WBC, uric acid and metabolic syndrome score are independently related to both fitness (inversely) and fatness (directly). Within levels of fatness, risk for significant elevations in fibrinogen, WBC, uric acid and metabolic syndrome score is lower for the higher fitness groups.
